REMARKS 

Upon entry of this amendment, claims 33-40 are all the claims pending in the application. 
Claims 28-32 have been canceled by this amendment. 

Applicants note that a number of editorial amendments have been made to the 
specification for grammatical and general readability purposes. Due to the number of changes 
made, a substitute specification is submitted herewith. No new matter has been added. Also 
enclosed is a marked-up copy of the original specification showing the changes incorporated into 
the substitute specification. 

I. Allowable Subject Matter 

Applicants thank the Examiner for indicating that claims 33-40 are allowed. By this 
amendment, Applicants note that minor changes have been made to claims 33, 34 and 36-40 in 
order to improve the clarity thereof, without changing the scope of the claims. 

II. Claim Rejections under 35 U.S.C. § 102 

Claims 28-32 have been rejected under 35 U.S.C. § 102(b) as being anticipated by 
Kobayashi (US 5,883,425). As noted above, claims 28-32 have been canceled by this 
amendment. 

III. Conclusion 

In view of the above, reconsideration and allowance of this application are now believed 
to be in order, and such actions are hereby solicited. 



8 



If any points remain in issue which the Examiner feels may best be resolved through a 



personal or telephone interview, the Examiner is kindly requested to contact the undersigned at 
the telephone number listed below. 



Respectfully submitted, 
Kazushi HIGASHI et al. 

/Kenneth W. Fields/ 
Bv: 2009.05.26 16:32:13 -04'OQ 1 
Kenneth W. Fields 
Registration No. 52,430 
Attorney for Applicants 

KWF/krg 

Washington, D.C. 20005-1503 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
May 26, 2009 
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description ^ionwithMarkmgsto 
Show Changes Made 

(Title of the Invention) 

PACKAGED ELECTRONIC ELEMENT AND METHOD OF PRODUCING 
ELECTRONIC ELEMENT PACKAGE 



Technical Field 

[0001] The present invention relates to a packaged 
electronic device comprising an electronic device in a 
closed inner space and its manufacturing method. 

Background Art 

[0002] Conventionally, techniques for housing an 
electronic device in the inside of a container, closing the 
container, and thus sealing the electronic device have been 
known as means for protecting a semiconductor device, a 
surface acoustic wave device, and other various electronic 
devices from effects of moisture and oxygen, etc. contained 
in atmospheric air. With respect to a device comprising 
such an the electronic device sealed in the inside space, a 
variety of techniques for preventing water or the like from 
penetrating by improving the air- tightness (close-ability) 
of the container inside have been proposed. 

[0003] Japanese Patent Laid-Open (JP-A) No. 11-237401 
discloses a technique for sealing a sensor chip by sealing 
a groove for leading out a terminal plate outside of a 
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housing, successively degassing the inside of the housing, 
and thermally press bonding a sealing hole for the 
degassing in a case of a semiconductor acceleration sensor. 
In this connection, in the case the container is made of a 
5 metal, a solder may sometimes be used for joining and 
sealing for members composing the container. 
[00 04] Also, an opening of a ceramic substrate having a 
cavity (a recessed part) in which an electronic device is 
mounted in the bottom is covered with a lid made of a metal, 
10 and the ceramic substrate and the metal lid are joined and 
sealed by using a solder or glass powder. 

[0005] On the other hand, a technique for sealing an 
electronic device by closing a void formed between an 
electronic device mounted by flip chip bonding and a 

15 substrate is used. For example, in surface acoustic wave 
device manufacturing, Japanese Patent Laid-Open (JP-A) No. 
2003-142972 discloses a technique for sealing a plurality 
of surface acoustic wave devices with a resin having a high 
viscosity by applying the resin to the surface acoustic 

20 wave devices in two steps and thereby suppressing 
entrainment of foams . In manufacturing of a surface 
acoustic wave device, Japanese Patent Laid-Open (JP-A) No. 
2 003-1104 02 discloses a technique of using a low melting 
point glass for sealing a surface acoustic wave chip bonded 

25 on a package substrate by a flip chip and thereby obtaining 
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higher air- tightness than that in the case of using a resin 
In production for storing an electron circuit module 
comprising a circuit part into a closed space, Japanese 
Patent Laid-Open (JP-A) No. 61-278198 discloses a technique 
5 of advantageously utilizing a space of the inside of a case 
by fitting a hard circuit substrate in a manner that the 
face on which a circuit part is mounted is set inside in a 
box type case in which a flexible circuit substrate bearing 
a circuit part such as a resistor, a capacitor or the like 
10 is stuck to the inner face. 

Disclosure of Invention 

Subject to be solved by the Invention 

[0006] Since resin does not have so high air- tightness 
15 quality to moisture or oxygen, if resin is used as a 
sealing material, depending on the types of electronic 
devices, sealing or packaging may not be carried out 
properly. In the case of sealing by using the low melting 
point glass as disclosed in the above-mentioned Japanese 
20 Patent Laid-Open (JP-A) No. 2003-110402 or in the case of 
joining members composing a container by using a solder or 
glass powder, high air-tightness can be achieved. However 
it requires heating treatment for melting the low melting 
point glass or solder at a temperature, for example, as 
25 high as about 260°C and therefore it is not suitable for 
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sealing an electronic device with low heat resistance. 
Particularly, in the case of an electronic device of a 
compound semiconductor, since the heat resistance thereof 
is low, the device is highly possibly damaged by high 
5 temperature heating. 

[0007] In the case the container inside is closed and 
sealing by the heating treatment as described, since a 
material of a lid composing the container is also required 
to have high heat resistance, it becomes difficult to use a 
10 resin or the like for the material and thus cost reduction 
down of the container is limited. 

[00 08] Along with the recent tendency of compact 
electronic appliances, an electronic device has been made 
smaller and smaller and accordingly, it has been required 

15 for very small electronic devices to be arranged more 
further densely. With respect to the electronic circuit 
module disclosed in the above-mentioned Japanese Patent 
Laid-Open (JP-A) No. 61-278198, since the flexible circuit 
substrate is to be housed in the inside of the box type 

20 case, the flexible circuit substrate is made thick relative 
relatively to very small electronic components such as a 
bare chip or the like of an IC and accordingly, it becomes 
very difficult to satisfy dense arrangement of devices and 
fabrication of a compact package along with the requirement 

25 for electronic devices to be made very small. 
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[0009] In view of the above state of the art, it is an 
object of the present invention to provide a packaged 
electronic device to be housed in a closed space at a low 
temperature, preferably in a range from a room temperature 
5 to 150°C, and more particularly to provide a package 
electronic device suitable for highly dense arrangement of 
a very small electronic device, and a manufacturing method 
of such a packaged electronic device. 

10 Means for Solving the Invention 

[0010] A packaged electronic device of a first aspect of 
the present inventio n comprioing comprises : 
an electronic device; 

a first container member configured to mount said 
15 electronic device therein; 

a second container member configured to form a space 
for housing said electronic device in cooperation 
corporation with said first container member; 

an adhesive configured to close the space by bonding 
2 0 said first container member and said second container 
member ; and 

a metal film configured to cover an exposed face of 
said adhesive. 

[0011] A manufacturing method of a packaged electronic 
25 device of a second aspect of the present invention 
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comprising comprises : 

bonding a first container member on which an 
electronic device is mounted and a second container member 
configured to form a space for housing said electronic 
5 device in cooperation corporation with said first container 
member with an adhesive so as to close the space; and 

covering an exposed face of said adhesive with a metal 

film. 

[0012] A packaged electronic device of a third aspect of 
10 the present inventio n compriaing comprises : 
an electronic device; 

a first container member configured to mount the 
electronic device thereon; 

a second container member configured to form a space 
15 for housing said electronic device in cooperation 
corporation with said first container member,- and 

a metal layer configured to close said space by- 
bonding said first container member and said second 
container member, to be formed by radiating an energy wave 
20 to a first metal part of said first container member and a 
second metal part of said second container member and 
bringing said first metal part and said second metal part 
into contact with each other. 

[0013] A manufacturing method of a packaged electronic 
25 device of a fourth aspect of the present invention 
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comprising comprises : 

bonding a first container member on which an 
electronic device is mounted and a second container member 
configured to form a space for housing said electronic 
5 device in cooperation corporation with said first container 
member with a metal layer for closing the space; 

when said bonding, radiating an energy wave to a first 
metal part of said first container member and a second 
metal part of said second container member; and 
10 forming said metal layer by bringing said first metal 

part and said second metal part radiated with said energy 
wave into contact with each other. 

[0014] A packaged electronic device of a fifth aspect of 
the present invention comprioing comprises : 
15 a container configured to form a closed inner space by 

a first inner face, a second inner face opposed e a — the 
oppooitc — to said first inner face, and side faces 
perpendicular to said first inner face and said second 
inner face; 

2 0 a first electronic device to be mounted on a first 

mounting face of said first inner face, second inner face, 
or side faces; 

a second electronic device to be mounted on a second 
mounting face different from said first mounting face of 

25 said first inner face, second inner face, or side faces; 



a first outer electrode formed on an outer face of 
said container facing to said first mounting face and to be 
electrically connected with said first electronic device; 
and 

5 a second outer electrode formed on an outer face of 

said container facing to said second mounting face and to 
be electrically connected with said second electronic 
device . 

[0015] Also, a manufacturing method of a packaged 
10 electronic device of a sixth aspect of the present 
invention comprising comprises : 

mounting a first electronic device to be connected 
electrically with a via on a first mounting face of a cover 
member having the via formed therein; 
15 mounting a second electronic device to be connected 

electrically with a via on a second mounting face of a main 
body member having the via formed therein and forming a 
closed inner space in cooperation corporation — with said 
cover member; and 
20 forming a packaged electronic device by bonding said 

cover member and said main body member so as to arrange 
said first electronic device and said second electronic 
device in said inner space and thereby closing said inner 
space . 
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Effects of the present invention 

[0016] According to the above-mentioned first and second 
aspects, since the first container and the second container 
are bonded to each other by an adhesive, the electronic 
5 device can be housed in a closed space. Also, since the 
exposed face of the adhesive is covered with the metal film, 
pin holes are clogged and then gas and water are prevented 
from penetrating the adhesive. Accordingly, the inner 
space can be closed at a high reliability. 

10 [0017] According to the above-mentioned third and fourth 
aspects, since the closed inner space is formed by bonding 
the first container member and the second container member 
with the metal layer which is formed by coming into contact 
with the first metal part and the second metal part to each 

15 other after the energy wave is radiated to them, the 
electronic device can be housed in the closed space at a 
low temperature. Also, since gas, moisture and the like 
cannot penetrate the metal layer part, the inner space can 
be reliably closed. 

20 [0018] According to the above-mentioned fifth and sixth 
aspects, since the electronic devices are mounted in the 
inner faces or side faces of a container forming the inner 
space and further the outer electrodes to be connected 
electrically to the electronic devices are formed in the 

25 outer face of the container, very small electronic devices 
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can be arranged at a high density. 
Brief Description of Drawings 

[0019] Fig. 1 is a cross-sectional view showing the 
5 structure of a packaged electronic device according to the 
first embodiment of the present invention. 

Fig. 2 is a process drawing showing the fabrication 
steps of a packaged electronic device. 

Fig. 3 is a cross -sectional view showing the structure 
10 of a packaged electronic device according to the second 
embodiment . 

Fig. 4 is a process drawing showing the fabrication 
steps of a packaged electronic device. 

Fig. 5 is a drawing showing the case that an upper 
15 cover of the packaged electronic device according to the 
second embodiment is a semiconductor device. 

Fig. 6 is another process drawing showing the 
fabrication steps of the packaged electronic device of the 
second embodiment. 
20 Fig. 7 is a cross -sectional view showing the structure 

of a packaged electronic device according to the third 
embodiment . 

Fig. 8 is an exploded perspective view showing a 
packaged electronic device. 
25 Fig. 9 is a process drawing showing fabrication steps 
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of a packaged electronic device. 

Fig. 10 is a cross-sectional view showing the 
structure of a packaged electronic device according to the 
fourth embodiment of the present invention. 
5 Fig. 11 is an exploded perspective view showing a 

cylindrical member and a semiconductor device to be mounted 
in the cylindrical member. 

Fig. 12 is a process drawing showing fabrication steps 
of a packaged electronic device. 
10 Fig. 13 is a cross-sectional view showing the 

structure of a packaged electronic device according to the 
fifth embodiment. 

Fig. 14 is a mounting process drawing of a 
semiconductor device. 
15 Fig. 15 is a cross-sectional view showing the 

structure of a packaged electronic device according to the 
sixth embodiment. 

Fig. 16 is a drawing showing a state that the packaged 
electronic device according to the third to sixth 
20 embodiments is mounted on a substrate. 

Fig. 17 is a drawing showing a state that the packaged 
electronic device according to the third to sixth 
embodiments is mounted on a substrate. 

Fig. 18 is a drawing showing a state that the packaged 
25 electronic device according to the third to sixth 
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embodiments is mounted on a substrate . 

Fig. 19 is a drawing showing a state that the packaged 
electronic device according to the third to sixth 
embodiments is mounted on a substrate. 
5 Fig. 2 0 is a drawing showing a state that the packaged 

electronic device according to the third to sixth 
embodiments is mounted on a substrate. 

Fig. 21 is a drawing showing a state that the packaged 
electronic device according to the third to sixth 
10 embodiments is mounted on a substrate. 



Explanation of Reference Numerals 

[0020] 1 packaged electronic device, 2 cover member, 
3 adhesive, 3b metal particle, 4 coating, 9 flat 
15 substrate, 21 flange, 22 moisture absorbent, 23 
recessed part, 71 semiconductor device, 90 inner 
space , 

101 packaged electronic device, 102 cover member, 103 
metal layer, 109 substrate, 131 substrate metal part, 
20 132 cover metal part, 171 semiconductor device, 190 
inner space, 

201, 201a, 201b, 201c packaged electronic device, 202 
upper cover member, 203 lower cover member, 204, 204a 
cylindrical member, 210 container, 211 inner space, 
25 212 cavity substrate, 213 cavity, 221 upper face, 
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223 outer electrode, 224 via, 231 lower face, 233 
outer electrode, 234 via, 241 inner face, 251 
metal layer, 261 semiconductor device, 2 71 

semiconductor device, 272 chip part, 
5 2511, 2512 metal part. 



Best Mode for Carrying Out the Invention 

[0021] Hereinafter, the embodiments of the present 
invention will be described and the same reference symbols 

10 are assigned to the same parts in the attached drawings. 
[0022] First embodiment: 

Fig. 1 is a cross- sectional view showing the structure 
of a packaged electronic device 1 according to one 
embodiment of the present invention. In this specification, 

15 a packaged electronic device does not mean a package itself 
but a package in which an electronic device is housed and 
is referred to as an electronic device which is packaged or 
an electronic device package . 

The packaged electronic device 1 is a package in whose 

20 inside a semiconductor device 71 as an electronic device is 
sealed; that is an electronic device installed in a closed 
space and packaged; and comprises a flat substrate 9, a 
semiconductor device 71 to be mounted on the substrate 9, 
and a cover member 2 to be attached to the substrate 9 in a 

25 manner that the cover member 2 surrounds the side and upper 
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(on the opposite to the substrate 9) parts of the 
semiconductor device 71 and accordingly forms a space 
(hereinafter, referred to as an inner space) 90 for housing 
the semiconductor device 71 in corporation with the 
5 substrate 9. In the following respective embodiments, the 
above-mentioned electronic device include the above- 
mentioned semiconductor device formed from a silicon 
substrate and devices other than the semiconductor device, 
for example, a ceramic device, sensors, a crystal substrate 

10 device, a SAW filter, and the like. 

[0023] The substrate 9 is a multilayer board where an 
electrode 9c and the like are formed on a main face 9a on 
which the semiconductor device 71 is mounted and a rear 
face 9b of the substrate 9, which is the opposed side of 

15 the inner space 90. The substrate 9 is made of a low 
temperature co- fired ceramic (hereinafter, referred to as 
"LTCC") and is different from a board made of a common 
ceramic (to distinguish from LTCC, called as HTCC (a high 
temperature co-fired ceramic) in the manufacturing process. 

20 [0024] The semiconductor device 71 is so-called bare IC 
chip and is mounted on the substrate 9 by electrically 
bonding a bump 72 of a metal formed on a land of a down 
face of the semiconductor device 71 to an electrode on the 
substrate 9 . Electrodes on both front and rear faces of 

25 the substrate 9 are electrically connected to each other 
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through vias 9d or the like. In the packaged electronic 
device 1, by mounting the rear face 9b of the substrate 9 
to another substrate, the semiconductor device 71 and 
another substrate are electrically connected with each 
5 other through the electrode 9c. 

[0 025] The cover member 2 is produced in a container- 
like shape having a recessed part 23 from a resin such as a 
plastic and attached to the substrate 9 in a manner that 
the recessed part 23 of the cover member 2 covers the 
10 substrate 9 to form an inner space 90. In the rim part of 
the recessed part 23 of the cover member 2, a flange part 
21 inward along the substrate 9 is formed. 

[0026] In the packaged electronic device 1, the 
substrate 9 and the flange 21 of the cover member 2 are 

15 bonded by an adhesive 3 containing a resin material such as 
an epoxy resin, an acrylic resin, a phenol resin or the 
like which is a thermosetting resin to be cured at a 
temperature of 150 °C or lower, as a main component and 
particles 3b of silver (Ag) , so-called a silver paste to 

20 close the inner space 90. In place of the silver particle, 
metal particles 3b of other metals such as copper (Cu) , etc. 
may be used. The exposed surface 3a of the adhesive 3 and 
the outer surface of cover member 2 are coated with a 
coating 4 of nickel (Ni) and gold (Au) . The coating 4 is 

25 not limited to nickel or gold and may be of another metal. 
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Accordingly, gas and water penetration paths such as pin 
holes formed in the adhesive 3 can be clogged and air- 
tightness of the inner space 90 can be maintained. Further, 
a moisture absorbent 22 of, for example, magnesium oxide 
5 may be installed in the inner space 90 while being attached 
to the cover member 2. Accordingly, the inner space 90 can 
reliably be dehumidified. 

[0027] Fig. 2 is a drawing showing the manufacturing 
process of the packaged electronic device 1. In producing 

10 the packaged electronic device 1, at first, in the state 
that the semiconductor device 71 is mounted on a prescribed 
mounting position of the substrate 9 and the bump 72 and 
the electrode of the substrate 9 are brought into contact 
with each other, the semiconductor device 71 is pressed 

15 against the substrate 9 while applying ultrasonic vibration, 
so that the bump 72 and the electrode are bonded to mount 
the semiconductor device 71 on the substrate 9 (step Sll) . 
The mounting of the semiconductor device 71 7 — can be 
carried out by other means, for example, an isotropic 

20 conductive resin film or a paste, or a non- conductive resin 
film or a paste may be used for bonding. Further, so- 
called normal temperature bonding for the bonding by 
radiating an energy wave to the bump 72 and the electrode 
of the substrate 9 and then bonding them in vacuum may be 

25 employed. Further, the bump 72 may be formed on the 
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electrode of the substrate 9. A plurality of semiconductor 
devices 71 may be mounted. Devices to be mounted are not 
necessarily limited to the semiconductor device 71 but 
other electronic devices as described later. 
5 [0028] Successively, the moisture absorbent 22 is 
attached to the bottom face 23a of the recessed part 23, 
that is, the face, which is the inside of the cover member 
2 and faces to the installed substrate 9 (step S 12) . 

After that, the adhesive 3 is applied to the adhesion 

10 position of the main face 9a of the substrate 9 to which 
the cover member 2 is bonded and/or the face 21a of the 
flange part 21 of the cover member 2 which opposes on the 
opposite to the main face 9a of the substrate 9 . The cover 
member 2 is stuck to the substrate 9 by the adhesive 3 . 

15 The substrate 9 to which the cover member 2 is stuck is 
heated at a relatively low temperature of 150 °C or lower, 
preferably about 120°C to 130°C to cure the adhesive and 
accordingly the substrate 9 and the cover member 2 are 
bonded to each other to close the inner space 90 (step S 

2 0 13) . Accordingly, the inner space 90 is reliably 
dehumidified by the moisture adsorbent 22 to improve the 
moisture-resistance reliability. 

[0029] Since the flange part 21 of the cover member 2 
and the substrate 9 are bonded, the adhesion surface area 
2 5 is wide as compared with that of the case there is no 
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flange part 21. So the bonding of the substrate 9 and the 
cover member 2 can further be stabilized. As a result, the 
reliability of the closeness of the inner space 90 can be 
improved. The flange part 21 may be formed facing outward 
5 of the recessed part 23 . 

[0030] Next, after at least the electrode part on the 
rear face 9b of the substrate 9 is coated with a mask 
material, nonelectrolytic plating is carried out to the 
packaged electronic device 1 to successively form a nickel 

10 plating layer and a gold plating layer (hereinafter, called 
as a general name of "plating layer") and thus the surfaces 
of the mask material and the packaged electronic device 1 
are covered. With respect to the packaged electronic 
device 1, the metal film, which is a plating layer, can be 

15 formed easily by using the nonelectrolytic plating. 
Further, since silver particles are contained in the 
adhesive 3, the nickel plating layer tends to be grown 
easily and stably on the surface in the outside of the 
adhesive 3, in other words, plating is easy to be carried 

2 0 out and the metal film can easily be formed. 

[0031] On completion of the plating of the packaged 
electronic device 1, the mask material is removed from the 
packaged electronic device 1. The plating layer is left 
only on the portion of the surface other than potions 

25 coated with the mask material. Thus the fabrication of the 
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packaged electronic device 1 having the coating 4 of the 
nickel and gold can completed, (step S14) 

[0032] As described above, in the case of the packaged 
electronic device 1, the substrate 9 and the cover member 2 
5 are bonded with the adhesive 3 to be cured at a lower 
temperature as a — compared with that in a conventional case 
of using a solder or glass powder, preferably at a room 
temperature or higher and 150 °C or lower and accordingly 
the inner space 90 in which the semiconductor device 71 is 

10 housed is closed. As a result, even if the semiconductor 
device 71 has a low heat resistance, it can be housed in 
the closed space at a low temperature without being damaged 
by heat . Further, since the cover member 2 made of a less 
heat resistant and more economical resin than a ceramic or 

15 a metal can be used, the production cost of the packaged 
electronic device 1 can be saved. 

[0033] In the packaged electronic device 1, since the 
outer surface of the adhesive 3, that is, the exposed face 
3a, is covered with the coating 4 of the metal, moisture or 

20 the like is prevented from penetrating the inner space 90 
through the adhesive 3 and as compared with the case that 
the surface of the adhesive 3 containing the resin as a 
main component is exposed to outer air, the air tightness 
of the inner space 90 can be improved. Further, the outer 

25 surface of the cover member 2 made of the resin is coated 
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with the coating 4 of the metal, so that the inner space 90 
can be closed with a high reliability free from pin holes. 
[0034] In the packaged electronic device 1, since the 
semiconductor device 71 mounted on the flat substrate 9 is 
5 sealed by the cover member 2 having the recessed part 23 
(including a cavity-like shape) , a step for forming a 
cavity corresponding to the recessed part 23 in the 
substrate 9 can be eliminated. So the production cost of 
the packaged electronic device 1 can be saved. 

10 Particularly, in the case of using the substrate 9 made of 
LTCC with which the cost for formation of the cavity 
becomes high as compared with HTCC, the fabrication cost of 
the packaged electronic device 1 can considerably be saved. 
[0035] The embodiment of the present invention is 

15 described above, however the present invention is not 
limited to the above embodiment. Various modifications can 
be made. For example, on completion of the production of 
the packaged electronic device 1, in the case the moisture 
content of the gas existing in the inner space 90 is 

20 sufficiently low, the moisture absorbent 22 may be omitted. 

[003 6] The cover member 2 is preferable to be produced 
from a resin in terms of production cost down reduction , 
however it may be made of another material such as a metal 
or a ceramic, etc. The substrate 9 and the cover member 2 

25 may be a substrate having a cavity, so-called cavity 
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substrate, and a flat cover covering the opening of the 
cavity. Even in this case, the substrate 9 and the cover 
member 2 are bonded to each other by the adhesive 3 and the 
outer surface of the adhesive 3 is coated with the coating 
5 4 made of a metal, so that the packaged electronic device 1 
with high air tightness can be produced at a low 
temperature . 

[0037] In the case it is desired to avoid heating 
treatment as much as possible in the fabrication process of 

10 the packaged electronic device 1, an adhesive 3 such as a 
photo-curable resin which can be cured without heating 
treatment may be used for bonding the substrate 9 and the 
cover member 2. Even in this case, the coating 4 is formed 
on the outside surface of the adhesive 3 by nonelectrolytic 

15 plating and thus the air-tightness of the inner space 90 
can be improved. 

[0038] Formation of the coating 4 is preferable to be 
carried out by nonelectrolytic plating from a viewpoint of 
ease caoincoo — of the process and production cost — down 
2 0 reduction , however in the case a conductive adhesive is 
used as the adhesive 3, the formation may be carried out by 
electroplating. Further, the coating 4 may be formed by 
sputtering a metal . 

25 [0039] Second embodiment 
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Fig. 3 is a cross -sectional view showing the structure 
of a packaged electronic device 101 according to the second 
embodiment of the present invention. The packaged 
electronic device 101 is a package in whose inside a 
5 semiconductor device 171 as an electronic device is sealed, 
that is an electronic device installed in a closed space 
and packaged. The packaged electronic device 101 comprises 
a substrate 109 having a cavity 199 corresponding to a 
recessed part, so-called a cavity substrate, a 

10 semiconductor device 171 to be mounted on the bottom face 
of the cavity 199 , and a flat plate-like cover member 102 
to be attached to the substrate 109 in a manner that the 
cover member 102 closes the opening of the cavity 199 and 
accordingly forms a space (hereinafter, referred to as an 

15 inner space) 190 for housing the semiconductor device 171 
in corporation with the substrate 109. 

[0040] The substrate 109 and the cover member 102 are 
made of resins such as plastics. The substrate 109 is a 
multilayer board composed of a main face 109a corresponding 

20 to a bottom face of the cavity 199 where the semiconductor 
device 171 is mounted and a rear face 109b of the substrate 
109 which is the opposed side face to the inner space 190. 
Electrodes 109c and the like are formed on the main face 
109a and the rear face 109b. The semiconductor device 171 

25 is so-called a bare IC chip and mounted on the substrate by 
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electrically connecting a bump 172 of a metal formed on a 
land in the down face of the semiconductor device 171 with 
an electrode on the main face 109a of a substrate 109. 
Electrodes in both the main and rear faces of the substrate 
5 109 are properly electrically connected to each other by a 
via 109d or the like. The packaged electronic device 101 
is mounted on another outer substrate from the substrate 
109 side, so that the semiconductor device 171 and the 
outer substrate are electrically connected through the 

10 electrode 109c. 

[0041] In the packaged electronic device 101, the 
substrate 109 and the cover member 102 are bonded by a 
metal layer 103 made of gold (Au) , so that the inner space 
190 is closed. The metal layer 103 is formed by bonding a 

15 substrate metal part 131 corresponding to a first metal 
part formed on the substrate 109 and a cover metal part 132 
corresponding to a second metal part formed on the cover 
member 102 . 

[0042] Fig. 4 is a process drawing showing fabrication 
20 steps of the packaged electronic device 101. In the 
fabrication of the packaged electronic device 101, at first 
gold plating is carried out at respective bonding portions 
of the substrate 109 and the cover member 102. That is, 
the gold plating is carried out to an end face 109c of the 
25 opening of the cavity 199 of the substrate 109 which is the 
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face opposite to the cover part 102, and a down face 102a 
of the cover member 102 which is the face in the inner 
space 190 and thereby forming the substrate metal part 131 
and the cover metal part 132 (step Sill) . 
5 Also, in the step Sill, it is preferable to form the 

substrate metal part 131 and the cover metal part 132 with 
a width of 5 um or wider and a height of 5 um or higher so 
as to reliably bond the substrate metal part 131 and the 
cover metal part 132, this will be described in the step 

10 S114 below. 

[0043] Next, the substrate 109, the cover part 102, and 
the semiconductor device 171 are put into a chamber of a 
bonding apparatus and the inner pressure of the chamber is 
reduced by a vacuum bump connected to the chamber. When 

15 the inside pressure of the chamber is reduced, preferably 
to vacuum state, fast atom beam (hereinafter, referred to 
FAB) of argon (Ar) as a kind of energy wave is radiated to 
the bump 172 and the electrode on the bottom face of the 
cavity 199 to clean the surface of the bump 172 and the 

20 electrode. That is, material unnecessary on the surface, 
that is, for example, carbon type pollutant contained in 
air adhering on and adsorbed in the surface, is removed and 
the surface is activated. Radiation of FAB removes the 
surface in the thickness of about 10 nm. After that, the 

25 bump 172 is brought into contact with the electrode of the 
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substrate 109, so that the bump 172 and the electrode are 
bonded by inter-atomic force. The semiconductor device 171 
is mounted on the substrate 109 (step S 112) . The above- 
mentioned FAB radiation and successive bonding of the metal 
5 portions is so-called surface activation bonding technique. 
[0044] Mounting of the semiconductor device 171 may be 
carried out by another technique. For example, in the 
state that the bump 172 and the electrode of the substrate 
109 are connected to each other, the semiconductor device 

10 171 is pushed against the bottom face of the cavity 199 
while ultrasonic vibration is applied to bond the bump 172 
and the electrode to each other and carry out the mounting. 
Also, an isotropic conductive resin film or a paste thereof, 
or a non- conductive resin film or a paste thereof may be 

15 used for the mounting. The bump 172 may be formed on the 
electrode of the substrate 109. A plurality of 

semiconductor devices 171 may be mounted. Further, another 
electronic device may be used in place of the semiconductor 
device 171 as described below. 

20 [0045] Next, the FAB is radiated to the substrate metal 
part 131 of the substrate 109 and the cover metal part 132 
of the cover member 102. Thus the surface of the bonding 
portions of the substrate metal part 131 and the cover 
metal part 132 are cleaned in about 10 nm thickness as 

25 described above and then the above-mentioned pollutant is 



removed (step S113) . In this case, the temperature of the 
substrate metal part 131 of the substrate 109 and the cover 
metal part 132 of the cover member 102 is controlled to be 
at a room temperature or higher and 150 °C or lower and if 
heating is required, it is carried out by radiating laser 
beam or the like. 

[0046] After that, in the condition of the reduced inner 
pressure or vacuum of the chamber, the substrate metal part 
131 and the cover metal part 132 are set so as to oppose e a 



with each other, so that the substrate metal part 131 and 
the cover metal part 132 are bonded so as to form the metal 
layer 103. As described, the substrate 109 and the cover 
member 102 are bonded by the metal layer 103 and the inner 
space 190 in which the semiconductor device 171 is housed 
is closed in the reduced pressure or vacuum condition, 
thereby fabricating the packaged electronic device 101 
(step S114) . Bonding of the substrate 109 and the cover 
member 102 may be carried out in an inert gas atmosphere. 
In this case, the inert gas is sealed together with the 
semiconductor device 171 in the inner space 190. The 
chamber may be kept in reduced pressure at the time of 
sealing under inert gas atmosphere . The pressure reduction 
may be in a range from about atmospheric pressure to 1 Pa 
(Pascal) to 10 Pa. 




iach other and are brought into contact 
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[0047] As described above, with respect to the packaged 
electronic device 101, as compared with that in the case of 
common soldering or glass powder bonding, the substrate 109 
and the cover member 102 are bonded at a lower temperature, 
5 preferably at a room temperature or higher and 150 °C or 
lower to close the inner space 190 in which the 
semiconductor device 171 is housed. As a result, even if 
the semiconductor device 171 has low heat resistance, it 
can be housed in the closed space at a low temperature 

10 without being damaged by heat. Further, since the 
substrate 109 and the cover member 102 made of a less heat 
resistant and more economical resin than a ceramic or a 
metal can be used, the production cost of the packaged 
electronic device 101 can be saved. Also, since the inner 

15 space 190 is kept in reduced pressure or vacuum or inert 
gas atmosphere, the semiconductor device 171 can be 
protected from the effect of moisture or oxygen and 
deterioration of the properties of the semiconductor device 
171 by effects of them can be suppressed. 

20 [0048] Since the substrate metal part 131 and the cover 
metal part 132 are bonded by the strong inter-atomic 
bonding force in the packaged electronic device 101, the 
substrate 109 and the cover member 102 can reliably be 
bonded and the inner space 190 having high air- tightness 

25 can be formed. Further, since the substrate metal part 131 
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and the cover metal part 132 are made of gold, chemically- 
stable, in other words, chemically hardly changeable, metal 
layer 103 can be formed. Thus the reliability of the 
closeness of the inner space 190 can be improved. 
5 [0049] The second embodiment of the present invention is 
described as above, however the description is illustrative 
of the present invention and is not to be construed as 
limiting the present invention. Various modifications can 
be made. For example, the substrate 109 and the cover 

10 member 102 are preferable to be produced from resins in 
terms of production cost dow n reduction , however they may 
be made of other materials such as a metal or a ceramic. 
Also, as shown in Fig. 5, the cover member 102 may be a 
substrate on which the SAW filter 105 or the like is formed 

15 or a quartz substrate. Further, the packaged electronic 
device 101 is electrically connected with an electrode 108a 
of another substrate 108 by a via 106 formed in the 
substrate 109 and the outer electrode 107 electrically 
connected with the via 106. Also, although the metal layer 

20 103 is preferable to be formed from gold in terms of 
reliability improvement of the closeness of the inner space 
190 and oxidation resistance, other various metals may be 
used for forming the layer. 

[0050] The substrate 109 and the cover member 102 may be 
25 a flat plate- like board and a cover member having a 
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recessed part for covering the side of the semiconductor 
device 171 mounted on the substrate and the upper part on 
the opposite to the substrate 109, respectively. Also, 
they may be a substrate and a cover member each having a 
5 cavity structure, respectively, and form an inner space 190 
by being bonded each other so as to close their openings. 
[0051] At the time of bonding of the substrate 109 and 
the cover member 102, the temperature of the substrate 
metal part 131 and the cover metal part 132 is preferable 

10 to be in a range described above in the second embodiment 
from a viewpoint of suppression of the heat to the 
semiconductor device 171 mounted on the substrate 109. 
However it is not limited to the above range, and in the 
case the semiconductor device 171 having relatively high 

15 heat resistance is mounted on the substrate 109, the 
temperature may be higher than the above-mentioned range. 
[0052] In the above-mentioned second embodiment and the 
third and following respective embodiments, argon is used 
for the FAB and other atoms such as nitrogen, hydrogen or 

20 the like can be used as the FAB. Further, the substrate 
metal part 131 and cover metal part 132 may be cleaned by 
other energy wave such as an ion beam or the like in place 
of the FAB. For example, an energy wave of relatively 
short wavelength, for example excimer ultraviolet rays 

25 having wavelength of 172 nm. Also although it is slightly 
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less effective on the cleaning, light rays having 
wavelength of 250 nm or 365 nm emitted by a low pressure 
mercury lamp can also be used. Further, if the above 
excimer ultraviolet rays are employed, it is possible to 
5 carry out the cleaning treatment in atmospheric air but not 
in reduced pressure or vacuum. In the case of treatment in 
atmospheric air, further, decomposition of the impurities 
adhering to a metal part can be promoted by heating at 
least an object metal portion to be cleaned at a room 

10 temperature or higher and 150 °C or lower, and accordingly 
the hardness of the metal portion can be lowered to make 
the bonding easy. In the case the above-mentioned cleaning 
treatment is carried out in reduced pressure or vacuum, the 
above heating may not be carried out. 

15 Further, as shown in Fig. 6, a plurality of packaged 

electronic devices 101 shown in Fig. 3 are fabricated in 
series and cut at cutting parts 104 after fabrication to 
fabricate respective packaged electronic devices 101. 
[0053] As described, the manufacturing method of the 

20 packaged electronic device 101 is applicable for sealing 
various kinds of electronic devices other than 
semiconductor devices, particularly for electronic devices 
with low heat resistance and low humidity. 

25 [0054] Third Embodiment 
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Fig. 7 is a cross -sectional view showing the structure 
of a packaged electronic device 201 according to the third 
embodiment of the present invention. The packaged 

electronic device 2 01 is a package in whose inside a 
5 semiconductor device 261 as an electronic device is sealed, 
that is electronic devices installed in a closed space 211 
and packaged, and comprises two semiconductor devices 261 
and a container 210 forming an inner space 211 for housing 
these two semiconductor devices 261. 

10 [0055] Fig. 8 is an exploded perspective view showing 
the packaged electronic device 201. The container 210 
comprises a cylindrical member 204 having apertures in both 
ends in the z -direction, an upper cover member 2 02 for 
covering an aperture in one end side (+Z) side in the axial 

15 direction of the cylindrical member 204 and a lower cover 
member 203 for covering an aperture in the other end side 
(-Z) side of the cylindrical member 204. The upper cover 
member 2 02 corresponds to a first cover member and the 
lower cover member 203 corresponds to a second cover member 

20 and the lower cover member 203 and the cylindrical member 
204 are corresponding to a main body member. The upper 
cover member 202, the lower cover member 203, and the 
cylindrical member 204 are made of a resin. Metal parts 
2511 and 2521 made of gold (Au) are formed respectively in 

25 the end faces of the (+Z) side and the (-Z) side of the 
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cylindrical member 204. The metal parts 2511 and 2521 are 
corresponding to a second metal member. Further, metal 
parts 2512 and 2522 made of gold (Au) are formed 
respectively in regions, to which the cylindrical member 
5 204 is to be attached, in a face 221 corresponding to a 
first inner face and a first mounting face; that is, the 
face in the (-Z) side of the upper cover member 2 02 [the 
face forming the upper side face of the inner space 211 
(hereinafter referred to as an "upper face")] and in a face 

10 231 corresponding to a second inner face and a second 
mounting face; that is, the face in the (+z) side of the 
lower cover member 203 [the face forming the lower side 
face of the inner space 211 (hereinafter referred to as an 
"lower face")] . The metal parts 2512 and 2522 are 

15 corresponding to a first metal part. A semiconductor 
device 261 is mounted each in the upper face 221 and the 
lower face 231 of the inner space 211. The semiconductor 
device 261 mounted on the upper face 221 corresponds to a 
first electronic device and the semiconductor device 261 

20 mounted on the lower face 231 corresponds to a second 
electronic device. 

[0056] As shown in Fig. 7, in the packaged electronic 
device 201, the metal parts 2521 and 2522 are bonded to 
form a metal layer 252, so that the cylindrical member 204 
25 and the lower cover member 203 are bonded and the metal 
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parts 2511 and 2512 are bonded to form a metal layer 251, 
so that the cylindrical member 204 and the upper cover 
member 202 are bonded. The upper cover member 202 and the 
lower cover member 203 are attached to both ends of the 
5 cylindrical member 2 04 while closing the apertures as 
described above, so that the inner space 211 is formed by 
the upper cover member 202, the lower cover member 203, and 
the face facing to the inside of the cylindrical member 204 
and an inner face 241 of the cylindrical member 204 forms 
10 the side face of the inner space 211. Hereinafter, the 
face 241 is called as a "side face". 

[0057] The upper cover member 202 is a multilayer board 
comprising an inner electrode 222 formed on the upper face 
221 of the inner space 211 and an outer electrode 223 

15 formed on the face in the (+Z) side, that is a face 2211 on 
the opposite side of the upper cover member 202 as fe e— the 
upper face 221, which is the outer surface of the container 
210. The inner electrode 222 and the outer electrode 223 
are electrically connected by a via 224 penetrating the 

20 upper cover member 202. The semiconductor device 261 to be 
mounted on the upper face 221 is connected electrically to 
the inner electrode 222 through the outer part electrode 
223 and the via 224. 

[0058] The lower cover member 203 is a multilayer board 
25 comprising an inner electrode 232 formed on the lower face 
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231 and an outer electrode 233 formed on the face in the (- 
Z) side, that is a face 2311 on the opposite side of the 
lower cover member 203 as - ee— the lower face 231, which is 
the outer surface of the container 210. The inner 
5 electrode 232 and the outer electrode 233 are electrically 
connected by a via 234 penetrating the lower cover member 
203. The semiconductor device 261 to be mounted on the 
lower face 231 is connected electrically to the outer 
electrode 233 through the inner part electrode 232 and the 
10 via 234. 

[0059] The semiconductor device 261 is so-called a bare 
IC chip and is mounted on the upper cover member 202 or the 
lower cover member 203 by electrically bonding a metal bump 
262 formed on a land on the mounting face of the 
15 semiconductor device 261 to the inner electrode 222 of the 
upper cover member 2 02 or the inner electrode 232 of the 
lower cover member 203. 

[0060] Fig. 9 is a drawing showing the production 
process of the packaged electronic device 201. In a 

20 production of the packaged electronic device 2 01, gold 
plating is formed on bonding portions of the respective 
upper cover member 202, lower cover member 203, and 
cylindrical member 204 to form metal parts 2512, 2522, 2511, 
and 2521 (step S211) . 

25 [0061] In the step S211, it is preferable to form the 
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metal parts 2522, 2521, 2512, and 2511 with a width of 5 u 
m or wider and a height of 5 u m or higher so as to 
reliably bond the metal part 2522 to the metal part 2521 
and the metal part 2512 to the metal part 2511. 
5 [0062] Successively, the upper cover member 202, the 
lower cover member 203, the cylindrical member 204, and two 
semiconductor devices 261 are transported into a load lock 
of a bonding apparatus, and after the inner pressure of the 
load lock is reduced by a vacuum pump connected to the load 

10 lock, they are transported to a chamber previously kept in 
a reduced pressure or preferably vacuum state and arranged 
at prescribed positions. Next, under the reduced pressure 
or vacuum environment in the chamber, fast atom beam 
(hereinafter, referred to "FAB") of argon (Ar) is radiated 

15 to the bump 262 of one semiconductor device 261 and the 
inner electrode 222 of the upper cover member 202 to clean 
the surface of the bump 262 and the inner electrode 222. 
That is, the substances unnecessary on the surfaces, that 
is, carbon type pollutants contained in air adhering to and 

20 adsorbed in the surfaces, are removed and the surfaces are 
activated (step S212) . Radiation of the FAB removes the 
surfaces in the thickness of about 10 ran. The temperature 
of the bump 262 and the inner electrode 222 is preferably a 
room temperature or higher and 150 °C or lower in terms of 

25 the promotion of the surface activation and prevention of 
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the damages of the semiconductor device 261 by high 
temperature heating, and based on necessity, heating may be 
carried out by radiating laser beam or the like. After 
that, the semiconductor device 261 is mounted on the upper 
5 cover member 202 (step S213) by contact metal bonding such 
that the bump 262 and the inner electrode 222 are bonded to 
each other. 

[0063] With respect to the other semiconductor device 
261, in the reduced pressure or vacuum environment, the FAB 

10 is radiated to the bump 262 of the semiconductor device 2 61 
(step S214) and the inner electrode 232 of the lower cover 
member 203 and the bump 262 and the inner electrode 232 are 
mutually bonded by the contact metal bonding to mount the 
semiconductor device on the lower cover member 203 (step 

15 S215) . Bumps in place of the bump 262 may be formed 
previously in the inner electrode 222 and the inner 
electrode 232, respectively. In this case, the land of the 
semiconductor device 261 and the bump are bonded each other 
after cleaning by the FAB. Further, mounting of the 

20 semiconductor device 261 on the upper cover member 202 is 
carried out after the mounting on the lower cover member 
203 . 

[0064] When the semiconductor devices 261 are mounted on 
the upper cover member 202 and the lower cover member 203, 
25 respectively, the FAB is radiated to the metal part 2522 of 
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the lower cover member 203 and to the metal part 2521 in 
the (-Z) side of the cylindrical member 204 in reduced 
pressure or vacuum environment in the chamber to clean the 
surfaces of both metal parts in the depth of about 10 nm as 
5 described above (step S216) . In this case, both metal 
parts are heated at a temperature in a range from a room 
temperature or higher to 150°C or lower by radiating laser 
beam or the like based on the necessity. Successively, the 
metal part 2522 and the metal part 2521 are brought into 
10 contact with each other and bonded each other by the metal 
bonding to form the metal layer 252 and thus the lower 
cover member 2 03 and the cylindrical member 2 04 are bonded 
(step S217) . 

[0065] Next, in the reduced reduce pressure or vacuum 
15 environment, the FAB is radiated to the metal part 2512 of 
the upper cover member 202 and the metal part 2511 in the 
(+Z) side of the cylindrical member 204 to clean the 
surfaces of both metal parts as described above (step S218) . 
In this case, both metal parts are heated at a temperature 
20 in a range from a room temperature or higher to 15 0°C or 
lower by the radiating laser beam or the like based on the 
necessity. After that, the metal part 2512 and the metal 
part 2511 are brought into contact with each other and 
bonded each other by metal bonding to form the metal layer 
25 251. The cylindrical member 204 whose aperture in the (-Z) 
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side is closed by the lower cover member 2 03 and the upper 
cover member 202 are bonded by the metal layer 251 and thus 
the inner space 211 housing those two semiconductor devices 
261 is closed in the reduced pressure or vacuum state (step 
5 S219) . 

[0066] As described the lower cover member 203, the 
upper cover member 202, and the cylindrical member 204 are 
bonded while those two mounted semiconductor devices 261 
are set in the inside, that is, they are facing to the 

10 inner space 211 and accordingly, the container 210 is 
formed and the packaged electronic device 2 01 is fabricated. 
Mounting of the semiconductor devices 261 and bonding of 
the respective metal parts may be carried out in inert gas 
atmosphere. In this case, the inert gas is enclosed in the 

15 inner space 211 in which the semiconductor devices 261 are 
sealed. Further, at the time of sealing in the inert gas 
atmosphere, the inside pressure of the chamber may be 
reduced. The pressure reduction may be in a range from 
atmospheric pressure to 1 Pa (Pascal) to 10 Pa. 

20 [0067] In the packaged electronic device 201, since the 
semiconductor device 261 mounted on the upper face 221 and 
the semiconductor device 261 mounted on the lower face 231 
are electrically connected with the outer electrode 223 and 
the outer electrode 233, respectively, if the packaged 

25 electronic device 2 01 is mounted on an outer board, the 
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outer board and the two semiconductor devices 261 are 
electrically connected. Mounting of the packaged 

electronic device 201 on the outer board may be carried out 
by connecting the outer electrode 233 with an electrode of 
5 the outer board by an anisotropic conductive resin film and 
connecting the outer electrode 223 with an electrode of the 
outer board by wire bonding. Thus a plurality of packaged 
electronic devices 201 can be arranged at a high density on 
the outer board. 

10 [0068] As described above, with respect to the packaged 
electronic device 201, since two semiconductor devices 261 
are directly mounted on the upper cover member 2 02 and the 
lower cover member 203, which are the multilayer boards 
having the outer electrodes, the package is made suitable 

15 for highly densified arrangement of micro-electronic 
devices. Further, since the apertures in both ends of the 
cylindrical member 204 are closed by the upper cover member 
202 and the lower cover member 203 on which the 
semiconductor devices 261 are mounted in order to form the 

20 container 210, the two semiconductor devices 261 are 
mounted on two opposed faces of the inner space 211, that 
is, the upper face 221 and the lower face 231 and thus the 
packaged electronic device 201 can easily be fabricated. 
[0069] With respect to the packaged electronic device 

25 201, as compared with that in the case of welding, that is, 
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common soldering or glass powder bonding, the cylindrical 
member 204 is bonded to the upper cover member 202 and to 
the lower cover member 203 at a lower temperature, 
preferably at a room temperature or higher and 150 °C or 
5 lower, so that the inner space 211 in which the 
semiconductor devices 261 are housed is closed. As a 
result, even if the semiconductor devices 261 have low heat 
resistance, they can be housed in the inner space 211 at a 
low temperature without being damaged by heat. Further, 

10 since the upper cover member 202, the lower cover member 
203, and the cylindrical member 204 made of a less heat 
resistant and more economical resin than a ceramic or a 
metal can be used, the production cost of the packaged 
electronic device 2 01 can be saved. 

15 [0070] With respect to the packaged electronic device 
201, since the respective metal parts 2512, 2511, 2521, and 
2522 are bonded by strong inter-atomic bonding power, the 
adhesion of the respective members 2 02, 2 04, and 203 is 
increased and the inner space 211 with high closeness can 

20 be formed. Further, since the metal layers 251 and 252 are 
of gold that is chemically stable, that is, hardly causes 
chemical conversion, the reliability of the closeness of 
the inner space 211 is improved. 

[0071] Further, since the inner space 211 is kept in 
25 reduced pressure or vacuum state or an inert gas atmosphere, 



41 



the semiconductor devices 261 are protected from the 
effects of moisture and oxygen existing in the atmospheric 
air and property deterioration of the semiconductor devices 
261 due to these effects can be suppressed. In such a 
5 manner, the packaged electronic device 201 is suitable for 
sealing semiconductor devices 261 with low heat resistance 
and low moisture resistance. 

[0072] Fourth embodiment 

10 Fig. 10 is a cross-sectional view showing a structure 

of a packaged electronic device 201a according to the 
fourth embodiment of the present invention. As shown in 
Fig. 11, the packaged electronic device 201a has a 
cylindrical member 204a made of a resin in which two 

15 semiconductor devices 261 are installed in place of the 
cylindrical member 204 of the packaged electronic device 
201 shown in Fig. 7. A structure other than that is the 
same as that of shown in Fig. 7 and in the description 
below, the same symbols are assigned. As shown in Fig. 10, 

20 with respect to the packaged electronic device 201a, four 
semiconductor devices 261 in total are mounted one each on 
the upper face 221, the lower face 231, and two opposed 
side faces in the x-direction (hereinafter, referred to as 
"mounting side faces") of the inner space 211. 

25 [0073] Fig. 11 is an exploded perspective view showing 
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the cylindrical member 204a and semiconductor devices 261 
mounted on the cylindrical member 2 04a. The cylindrical 
member 204a comprises two side wall members 245 on which 
the semiconductor devices 261 are mounted one each, and two 
5 connection members 246 for connecting two side wall members 
245. Metal parts 2531 of gold (Au) are formed at the 
portions where the connection members 246 are to be 
connected in the mounting side faces 2410 of the side wall 
members 245. Metal parts 2532 of gold (Au) are formed 

10 similarly in both end faces in the x-direction, which are 
the bonding portions of the connection members 246. The 
metal parts 2531 and metal parts 2532 are bonded to each 
other by metal-bonding, so that the cylindrical member 204a 
is formed by bonding the side wall members 245 and the 

15 connection members 24 6 to each other. 

[0074] Each of the side wall members 245 is a flat 
multilayer board made of a resin and as shown in Fig. 10, 
and comprises an inner electrode 242 formed on the mounting 
side face 2410 and an outer electrode 243 formed on an 

20 outside face 2411 of the mounting side face 2410. The 
inner electrode 242 and the outer electrode 243 are 
electrically connected by a via 244 penetrating the side 
wall member 245. In the cylindrical member 204a, the 
semiconductor devices 261 are mounted in the side wall 

25 members 245, so that they are electrically connected with 
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the outside electrodes 243. 

[0075] Fig. 12 is a drawing showing some of fabrication 
steps of the packaged electronic device 201a. In 
fabrication of the packaged electronic device 201a, prior 
5 to the steps S212 to S219 shown in Fig. 9, the steps shown 
in Fig. 12 are carried out. At first, gold plating is 
carried out for the respective connection portions of the 
side wall members 24 5 and the connection members 24 6 shown 
in Fig. 11, thereby forming the metal parts 2531 and 2532 

10 (step S221) . 

[0076] Successively, gold plating is carried out for the 
respective connection portions of the upper cover member 
202 and the lower cover member 203 shown in Fig. 10, 
thereby forming the metal parts 2512 and 2522. Further, 

15 gold plating is carried out for the portions which 
correspond to the bonding portions of the cylindrical 
member 204a when the cylindrical member 204a is formed by 
bonding each member among the end faces in the Z -direction 
of the side wall members 245 and the connection members 246 

20 composing the cylindrical member 2 04a. Thus the metal 
parts 2511 and 2521, precisely, metals parts to form the 
ring- like metal parts 2511 and 2521 when the cylindrical 
member 204a is formed are formed (step S222) . 
[0077] On completion of formation of the above-mentioned 

25 respective metal parts, the upper cover member 202, the 
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lower cover member 203, the side wall members 245, 
connection members 246, and four semiconductor devices 261 
are arranged in a chamber previously kept in a reduced 
pressure or preferably vacuum state via a load lock of a 
5 bonding apparatus. The FAB is radiated to the bumps 262 of 
two semiconductor devices 261 and the inner electrodes 242 
of two side wall members 245 to clean the surfaces thereof 
(step S223) . After that, a single semiconductor device 261 
is mounted on the respective mounting side faces 2410 of 
10 two side wall members 245 by the metal bonding which makes 
the bumps 262 and the inner electrodes 242 contact (step 
S224) . 

[0078] Successively, in a reduced pressure or preferably 
vacuum state of the chamber, the FAB of argon is radiated 

15 to the metal parts 2531 and 2532 of the side wall members 
245 to clean the surfaces of both metal parts (step S225) . 
In this case, both metal parts 2531 and 2532 are heated at 
a temperature in a range from a room temperature or higher 
to 150°C or lower by radiating laser beam or the like based 

2 0 on the necessity. Next, the work of metal bonding of both 
metal parts by bringing the metal parts 2531 and the metal 
parts 2532 into contact with each other is repeated to 
successively bond the two side wall members 245 and the two 
connection members 246, and thus the cylindrical member 

25 204a is formed {step S226) . 
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[0079] After that, the FAB is radiated to the bump 262 
of one semiconductor device 261 in two un-mounted 
semiconductor devices 261 and to the inner electrode 222 of 
the upper cover member 202 (Fig. 9: step S212) , and the 
5 bump 262 and the inner electrode 222 are metal-bonded to 
mount the semiconductor device 261 on the upper cover 
member 202 (step S213) . Similarly, the FAB is radiated to 
the bump 262 of the other semiconductor device 261 and the 
inner electrode 232 of the lower cover member 203 (step 
10 S214) , and the bump 262 and the inner electrode 232 are 
metal-bonded to mount the semiconductor device 261 on the 
lower cover member 203 (step S215) . 

[0080] Successively, the FAB is radiated to the metal 
part 2522 of the lower cover member 203 and the metal part 

15 2521 of the cylindrical member 204a (step S216) , and both 
metal parts 2522 and 2521 are metal-bonded to bond the 
lower cover member 203 and the cylindrical member 2 04a 
(step S217) . Also, the FAB is radiated to the metal part 
2512 of the upper cover member 202 and the metal part 2511 

20 of the cylindrical member 204a (step S218) and both metal 
parts 2512 and 2511 are metal-bonded to bond the upper 
cover member 2 02 and the cylindrical member 2 04a. Thus the 
inner space 211 housing the four semiconductor devices 261 
is closed in the reduced reduce pressure or vacuum state 

25 (step S219) . As described, the lower cover member 203, the 
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upper cover member 202, and two side wall members 245 are 
bonded one another or bonded with the connection parts 24 6 
while the mounted semiconductor devices 261 are set inside, 
that is, the in the inner space 211 side. In this manner 
5 the container 210a is formed and the packaged electronic 
device 201a housing the four semiconductor devices 261 is 
fabricated. 

[0081] Mounting of the semiconductor devices 261 on the 
lower cover member 203 and the upper cover member 202 may 

10 be carried out prior to bonding of the side wall members 
245 and the connection members 246. The mounting order on 
the respective members may properly be changed. Also, 
bonding of the upper cover member 202 and the lower cover 
member 203 with the cylindrical member 204a may be carried 

15 out in the inert gas atmosphere, and in this case, the 
inert gas is enclosed in the inner space 211. Further, at 
the time of sealing in the inert gas atmosphere, the inside 
pressure of the chamber may be reduced. The pressure 
reduction may be in a range from atmospheric pressure to 1 

20 Pa (Pascal) to about 10 Pa. 

[0082] As described above, with respect to the packaged 
electronic device 201a, the four semiconductor devices 261 
are directly mounded on the upper face 221, the lower face 
231, and side faces 241, that is, the mounting side faces 

25 2410 of the side wall members 245, of the inner space 211 
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formed by combining the multilayer boards each having outer 
electrodes, so that the structure of the package can be 
made suitable for highly densified arrangement of micro- 
electronic devices. Further, since the container 210a is 
5 formed by bonding the respective members after the 
semiconductor devices 261 are mounted on the flat members, 
which are the upper cover member 202, the lower cover 
member 203, and the side wall members 245, so that the 
semiconductor devices 261 can be installed within the 
10 container 210a and the packaged electronic device 201a can 
easily be fabricated. 

[0083] With respect to the packaged electronic device 
201a, similarly to the packaged electronic device 201, even 
if the semiconductor devices 261 have low heat resistance, 

15 they can be housed in the inner space 211 at a low 
temperature without being damaged by heat. Thus since a 
less heat resistant and more economical resin is made 
usable, the production cost of the packaged electronic 
device 201a can be saved. 

20 [0084] Further, the inner space 211 is kept in the 
reduced pressure or vacuum state, so that the semiconductor 
devices 2 61 can be protected from the effect of moisture 
and oxygen existing in the atmospheric air. Also, since 
the respective members composing the container 210a are 

25 bonded by atomic bonding of the respective metal parts made 
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of gold, not only the inner space 211 with high closeness 
can be formed but also the closeness of the inner space 211 
can be improved. 

5 [0 085] Fifth embodiment 

Fig. 13 is a cross -sectional view showing the 
structure of a packaged electronic device 201b. The 
packaged electronic device 201b is similar to the packaged 
electronic device 2 01 shown in Fig. 7, except a mounting 
10 method of the semiconductor devices 2 61 is different and in 
the following description; the same reference numerals are 
assigned. 

[0086] In the packaged electronic device 2 01b shown in 
Fig. 13, the two semiconductor devices 261 are mounted 

15 respectively on the upper face 221 and the lower face 231 
of the inner space 211 through a resin 207 having 
thermosetting property applied on these faces. 
[0087] Fig. 14 is a mounting process drawing of the 
semiconductor devices 261 in the fabrication process of the 

20 packaged electronic device 201b and corresponding to the 
steps S212 to S215 in Fig. 9. In the packaged electronic 
device 201b shown in Fig. 13, the resin 207 is applied on 
the inner electrode 222 of the upper cover member 202 and 
the inner cover electrode 232 of the lower cover member 203 

25 (step S231) . The resin 207 is an anisotropic conductive 
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resin film (ACF) made of an insulating resin in which 
conductive particles are evenly dispersed. One 
semiconductor device 261 is fixed on the upper cover member 
2 02 by pressing the semiconductor device 261 to the resin 
5 2 07 applied to the upper cover member 202 and heating them. 
The bump 262 is electrically bonded to the inner electrode 
222 though the conductive particles of the resin 207, so 
that the semiconductor device 261 can be mounted on the 
upper cover member 202 (step S232) . Similarly, with 

10 respect to the other semiconductor device 261, the bump 262 
is connected with the inner electrode 232 by pressing the 
semiconductor device 261 to the resin 207 applied to the 
lower cover member 203 and heating them. The bump 262 is 
electrically bonded to the inner electrode 232 and the 

15 semiconductor device 2 61 is mounted on the lower cover 
member 203 (step S233) . In this case, mounting of the 
semiconductor devices 261 is not necessarily carried out in 
the chamber . 

[0088] The resin 207 to be used may be an anisotropic 
2 0 conductive paste (ACP) , or a non- conductive resin film 
(NCF) , or a non -conductive resin paste (NCP) and these 
resins may have curable property by treatment other than 
the heating treatment. In any case, since the 

semiconductor devices 261 can directly be mounted on the 
25 upper cover member 202 and the lower cover member 203, 
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which are multilayer boards respectively having outer 
electrodes, the packaged electronic device 201b is provided 
with a structure suitable for high density arrangement of 
very small electronic devices. 

5 

[0089] Sixth embodiment 

Fig. 15 is a cross-sectional view showing the 
structure of a packaged electronic device 201c of the sixth 
embodiment of the present invention. The packaged 

10 electronic device 201c comprises a member 212 (hereinafter, 
referred to "cavity substrate") having a cavity (a recessed 
part) 213 in place of the cylindrical member 204, the lower 
cover member 203, and the metal layer 252 bonding both 
members of the packaged electronic device 201 shown in Fig. 

15 7. The cavity substrate 212 is corresponding to a main 
body member. Other structures are same as that in Fig. 7 
and in the following description, the same reference 
numerals are assigned. In the packaged electronic device 
201c, the cavity substrate 212 and the upper cover member 

20 202 are bonded to form the container 210c. 

[0090] The cavity substrate 212 can be formed by 
layering ceramic layers to be side walls on a flat ceramic 
substrate forming the bottom part. Generally, a plurality 
of cavities are formed in a lattice- like form on one 

25 ceramic substrate and the cavity substrates 212 are formed 
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by cutting the resulting substrate. 

[0091] The bottom part and side walls of the cavity- 
substrate 212 work respectively as the lower cover member 
203 and the cylindrical member 204 shown in Fig. 7 and a 
5 semiconductor device 261 is mounted on the bottom face of 
the cavity 213, that is the face in the (+Z) side of the 
bottom part of the cavity substrate 212, in other words, a 
bottom face 231 of an inner space 211. The packaged 
electronic device 201c is fabricated by bonding the upper 

10 cover member 202 and the cavity substrate 212 through the 
metal layer 251 in the same manner of the third embodiment 
(step S218, S219 of Fig. 9) in the state that the other 
semiconductor device 261 is mounted on the face closing the 
opening of the cavity 213, which is the face to be the 

15 upper face 221 of the inner space 211, in other words, the 
face in (-Z) side of the upper cover member 202 and thus 
closing the inner space 211. Therefore, fabrication of the 
packaged electronic device 201c is made easy. Mounting of 
the semiconductor device 261 may be made by metal bonding 

20 similarly to the third embodiment or through a resin 
similarly to the fifth embodiment. 

[0092] In the packaged electronic device 201c of the 
sixth embodiment, as described with reference to Fig. 6, 
each packaged electronic device 201c may be fabricated by 
25 fabricating a plurality of packaged electronic devices 201c 
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in single-piece construction and then them — cutting at 
cutting parts . 

[0 093] The third to sixth embodiments of the present 
invention are described above, however the description is 
5 illustrative of the present invention and is not to be 
construed as limiting the present invention. Various 
modifications can be made. For example, although it is 
preferable to use a resin for forming the upper cover 
member 202, the lower cover member 203, and the cylindrical 

10 member 2 04 in terms of the production cost dow n reduction , 
they may be made of a metal, a ceramic, or another material. 
The metal parts for bonding the respective members 
composing the container 210 are preferably made of gold in 
terms of improvement of the closeness of the inner space 

15 211 and the oxidation resistance in air, however they may 
be made of other various metals. 

[0094] In the above-mentioned embodiments, although 
argon is used as the FAB, other atoms such as nitrogen, 
hydrogen or the like may be used for the FAB. Further, the 
20 metal parts and electrodes may be cleaned by other kinds of 
energy wave such as ion bean, etc. in place of the FAB. 
[0095] The containers 210, 210a, and 210c are not 
necessarily formed by bonding the members with the shapes 
described in the above-mentioned respective embodiments but 
25 may be formed bonding members having various shapes. For 
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example, two substrates having respective cavity structure 
are bonded in a manner that apertures of the cavities are 
closed to form the inner space 211. Further, bonding of 
the members may be carried out using an adhesive containing 
5 a resin as a main component. 

[0096] Mounting of a semiconductor device 261 may be 
carried out by means other than those described above. For 
example, in the state that a bump 262 and an inner 
electrode 222 are brought into contact with each other and 

10 a semiconductor device 261 is pressed, ultrasonic vibration 
is applied to bond the bump 262 and the inner electrode 222 
and thus the semiconductor device 261 is mounted. Further, 
the faces of the containers 210, 210a, and 210c on which a 
plurality of semiconductor devices 261 are mounted are not 

15 limited to the combinations described in the above- 
mentioned embodiments and may be changed properly. That is, 
electronic devices may be mounted on at least one face and 
another face among the upper face 221, the lower face 231, 
and four side faces 241 of the inner space 211, so that 

2 0 highly dense arrangement of very small electronic devices 
can be achieved. 

[0097] The packaged electronic device 201 can be used as 
the packaged electronic device for housing various kinds of 
electronic devices other than semiconductor devices, for 
25 example, a SAW (surface acoustic wave) filter or the like. 
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[0098] Fig. 16 to Fig. 21 are drawings showing the state 
of the packaged electronic device 201c in which the 
electronic device is mounted on the outer surface of the 
upper cover member 2 02 and which is mounted on a substrate 
5 108. Of course, the packaged electronic device 201 shown 
in Fig. 7, the packaged electronic device 201a shown in Fig. 
10, and the packaged electronic device 2 01b shown in Fig. 
13 may be used in place of the packaged electronic device 
201c. 

10 [0099] Fig. 16 shows the state a semiconductor device 
271 is mounted on the outer surface of the upper cover 
member 202. Fig. 17 shows the state a chip part 272 is 
mounted on the outer surface of the upper cover member 202. 
Fig. 18 shows the state the chip part 272 is disposed in 

15 the inner space 211 as a modified example of the package 
shown in Fig. 17. The semiconductor device 271 and the 
chip part 272 correspond to a third electronic device. Fig. 
19 shows the state wire bonding is carried out between the 
electrode formed on the outer surface of the upper cover 

20 member 202 and a gold wire 273 of the electrode of the 
substrate 108. Fig. 20 and Fig. 21 show the case that 
wiring is formed in the packaged electronic device 201c to 
electrically connect the electronic device mounted on the 
upper cover member 202 and the electronic device mounted on 

25 the cavity substrate 212. That is, as shown in Fig. 21, 
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wiring 274 is formed on the face 221 of the inner space 211 
side of the upper cover member 2 02 and wiring 275 is formed 
on the face 231 of the inner space 211 side of the cavity- 
substrate 212 and in the inside of the cavity substrate 212. 
5 Also, a metal layer 276 for wiring is formed separately 
from the metal layer 251 bonding the upper cover member 2 02 
and the cavity substrate 212. Similarly to the formation 
method of the metal layer 251, the metal layer 276 for 
wiring may be formed by radiating the FAB to a metal part 

10 2762 formed on the upper cover member 202 and a metal part 
2761 formed on the cavity substrate 212 and bonding them. 
Herein, the wiring 274 is connected to the metal part 2762 
and the wiring 275 is connected to the metal part 2761. 
Therefore the wiring 274 and the wiring 275 are 

15 electrically connected through the metal layer 276 for 
wiring . 

[0100] The third to sixth embodiments are also usable 
for various kinds of packaged electronic devices other than 
semiconductor devices and usable even for electronic 
2 0 devices with low heat resistance and low moisture 
resistance . 

[0101] It is to be noted that, by properly combining the 
arbitrary embodiments of the aforementioned various 
embodiments, the effects possessed by them can be produced. 
25 Although the present invention has been fully 
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described in connection with the preferred embodiments 
thereof with reference to the accompanying drawings, it is 
to be noted that various changes and modifications are 
apparent to those skilled in the art. Such changes and 
5 modifications are to be understood as included within the 
scope of the present invention as defined by the appended 
claims unless they depart therefrom. 

Industrial Applicability 
10 [0102] The present invention is applicable for a 
packaged electronic device for housing semiconductor 
devices as well as various kinds of electronic devices. 



